Journol of Fesevrsh of the Natictial Bureau of Standards

Vol 48, Ho, 4, April 1952 - Rapserech Paper 2314

Infrared Spectra of Methanol, Ethanol, and n-Propanol
Earle K. Plyler

Tha infrgrad abeorption apecira of methanel, ethanol, and w-propancl have been mess-

ured with prigm inelruments.
aolutiones.

Ftudies have been made o
The methancol spectra, between 2 to 16 microns, provided s direct somparison

the vapors and of several dilgie

with the other twop aleshals aod confirmed esrlier work on the exilatence of & number of low-
intensity bands. The twae osher aleohols were studied from 2 to 36 microns, The bands

have heen plassified in celation ta the O—H

molesules.  The long-wave absorptian, in th
Einde:recl rotation of OH.

ia attributed to the

C—H, C—0, and C— C vibralionz within the
e reglon beyond 30 microns, for each elechel,

The object of the prasent study was to con-

firm the arsignments for methanol and to study sod assign tho vibrational spectes of ethanal

gnd n-propancl.

1. Infroduction

The infrared sbaorption apectrum of methanol in
the vapor siate was messured by Borden and Barker
[1] ? with & grating spectrometsr. The stronger bands
were resolved so that the rotational structurs was
apparent, Their observations showed which bands
wera of the perpendicular and which were of the
parallel fype. Noether [2], using a prism instrn-
ment, alzo Ineasured the epectrom of methanol and
observed several weank bands in addition to those
studied by Borden and Barker. Soma of these wenk
bands have been classified as fundamentals end com-
binations [3]. The object of the present study was o
confirm the gssignments for methanol end to study
and assign the wibrational spectra of ethanol and
ti-propanol. These aleohols have not been messurad
previously over ah extended infrarved region, and their
gpectra have not been classified,

In tha TTHMt work, the spectrs of ethapol snd
ti-propanc] have heen measured from 2 to 40 u in
the vapor state and from 2 to 15 p 1 eolutions of
), and C5;. Because of the similarity in strue.
ture of these alcohols, the positions of many abserp-
tion bands appear in the same regions. No attempt
was made to repest the long wavelength region in
methanol, &5 it would not be possible to improve on
the grating measurements of Borden and Barker
with a prism spectrograph. However, the 2- ic
15-u region was messured as this regron had not
heen recorded on g double-beam instrument.

2. Experimental Procedure

The methanol, ethanol, and %-propanol were ﬁri-
fied under the divection of F. D Rossni ey
were found to be of high purity, which 1= sssantial
in order to attribute weak bands to the spoctra of
the alechols.

The absorption spectra of the vapors were deter-
mingd with Perkin-Elmer iofrared spectrometers,
models 12A and 12C, using interchangeable prisms
of lithium fluoride, sodium chloride, potassium bro-
mide, snd thallium bromide-iodide.  This sllgwad
measurcments to be made from 2 to approximately
38 4. The properties and use of prisms of thallium

| Figurens in brckety Evdionte the [[bemmbamn refirtnces mt the omd of this raper.

bromide-icdide have bean described elpewhere [4].
The standard Perkin-Elner thermocouple was used
a3 b detector with all but the thallivm bromide-iodide
prism. Hera a Golay detector was substituted for
the thermuocouple. e spectrometers weta equipge;:l
with a slit~gontrol device [5], and except for the

lay cell, the experimental arrangements were the
same as those described in a previous paper [5]. Gas
cells of different thicknesses with various preseures
were uged. The experimental arrangement did not
gllow the partinl preasures of the vapor to be detor-
minad as all tha cells could not be evacuated.

The abeorption spectra of the liguids, diluted with
carbon tetrachloride and carbon disulfide, were mens.
ured on s Baird recording infrared spectrometer
with a sodiom chloride prism. Solutions of different
econcentrations as well as cells of varions thicknesaes
were used. To obtain & higher resolution from 2.8
t0 3.5 p, messurements in this region were repeated,
with s lithium-fluoride prism in the Perkin-Elmer
spectrometer.

3. Results and Discussion

The experimental resulta are piven in six fipures
and two tables. Figure 1 pr&segrllta the vuan ah-
sorption epectra between 2 and 15 g of methanol,
ethanol, snd #-propsnol. In the regions of stro
water vapor absorption, bande in the aleohals coul
not be measured with reasonsble accuracy; hence
dotted lines arc used to denote the uncertainty of
the absorption in thesa regions.

As shown in figure 1, methanol has a broad region
of absorption centering near 7.43 p. This region
wag restudiad with the Perkin-Elmar model 21 spoc-
trometer to take advantage of the higher resolution
made &ossible by the improved araplifier and to elimi-
nate the effect of the weter vapor bands, The re-

sulte are shown io figure 2.

Figure 8 =hows long wavelength =pectra of
ethanol and a-propenol in the vapor state. Ethanol
wae exemined in the reiiun from 16 to 20 x, using an
absorption cell 1 m thiek, but as there wae no apppre-
ciable absorption the curve 1= not shown, In the
region from 20 to 38 u lithivm-fluoride, enlcium-
fluoride, and sodium-fluoride reflectors were subati-
tuted successively for the usual aluminized mirror.
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Figrre 1. Infrored absorplion epectre from 2 da 15 u of methansl, dhansl, and n-propondl in ke vapor slale.
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Ficure 2. Tafrared abzerptign zpedrum from 8 {0 IO u of

methanal £ the rapor siale.

Tha pregmures {5 peiursted 7spor prataues ot room teteperatine excepl foo Lha
uppser ouree, which 1s ak  presonre & 8 om o Hg.

Although thie resulted in some loss in the total re-
flected energy, the stray radiation was redoced
considerably.

Table 1 lists the maxima observed in methanol,
ethanol, and w-propanol, incorporating some of the
rosults of the higher resolution work in the 6- to
10-u region of methanol. The wavelength in mi-
crong, the wave number in cm™’, and the observed
mtansity are gimau for cach band. The intensity
astimates ars divided nio five cal,eIgories, extending
from very weak to very atrong. In the regione of
coneiderable overlapping, it was not emsy to de-
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Freuee 3. Infrored abssrplion specire from 16 b 58 o of

ethansl and n-proparol 1t the repor atole.
The puroaliiea goe sl ioubed wmpor présaures for dwa curves of greatest ahsormulon.

terming the band eentors.  With the exception of the
7.43-u regiﬂn of methanol, which is more compli-
cated and whose individual maxima may even be
of a rotationsl nature, sll the maxima of abeorption
ara listed, As a result, some of the msxima in
table 1 may be perts of bende, such a P, ¢, or &
branches, as well aa separnte bands. This doubt
as to the nature of the maxima in table 1 includes
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& Ceoters gl batd bespand ragion of obgermaline

those in the region of 3.3 p for ell three slochola and
the 8.5-p rezion for m-propancl.

Figurez 1 and 3 show that thers arc regione in
whi::ﬁ the vapor-phase spectra of all three mole-
cules are similar. In metheool, the regiona of
intense sbsorption oecur near 2.7, 3.4, 7.5, and 9.6 4.
These ure produced according to Hergberg [3] by
the O —H and C—H stretching, ' —=H and ¢ -H
bending and C —0O etretching vibrations, respec-
tively. Thess reeur in the heavier aleohols with
little shift. In particular, the OH band at 27
and the band due to the C —H siretchiog vibrations
at 3.4 u appear at almost the same position on all
three curves.

The region around 3 p has been studied under the
higher resolution provided by a LiF prism. The
results nre shown in figuree 4 and 5. The methanol
curve, figure 4, shows the = ptric vibration of
the CH, group at 2,847 em™ (3.5 ), the P, 9, and &
branches being well resolved. The other bande in
the region of 3.3 and 34 p ara considerably over-
lapped, and it is diffienlt to determina their centers.
Fn the cthanol and s-propanol curves, fipure 6, it
is more diffieult to untangle the C—H vibrations
in the 3.4-¢ region becansa thers &re stretching
vibrations that oceur in the CH, end CH, groups
thet give rise to fAve fundsmentals for sthanol and
goven fundementels for n-propanol. Figure 4 also

shows the 2.Y-4 OH band resolved into P and B
branches.

The 2.7-u OH hands in ethanol and s-propanol
were also meagured. However, the resolytion of the
prism inatrument waa insufficient to separate clearly
the P and R branches of the band. This prahlem
will be puraved further with a grating epectromater.

When the spectra of the three aleohols are studied
in solutions of CCl, and OS5, thare are considerable
changer in ahaorption, particularly in the two regions
due to the OH bend. Figure 6 shows somse
resulis from 2 to 15 g, At the concentration of 1:20
the O—H stretehing vibration is shifted to 2.9 p,
& position cheracteristic of associsted (“hyd -
bonded"} OH. At a concentration of 1:4 in OOl
tha unassociatad OH band, which in the vapor oeeurs
ak 2.71 4, is harely ohservable near 2.74 u.

At lower concentrations, the 2.54-p hand is
clearly resolved. Messurements with a LiF prism
are shown in figure 7. The aleohols were diluted
with carbon teteachloride to concentrations 1:40 and
1:400% by volume, and cell thicknesses of 0.5 and 5.0
mm, respectively, were used. Thus the resultant
absorption in each cell was dus to practically the
same relative number of aleohel molecules, and tha
offect of the concentration upon the ition awd
intensity of the hydroxyl band could ba cxeminad
under comparable conditions. YWhen the dilution
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wae one part in forty, the OH band in the 2.74-u
repion was preseht as well as the associated band
at 207 p. However, when the concentration wns
reduced to one part in 400, the 2.97-u band dis-
appeared, aond the OH absocption at 274 o
ihcrensed in intensity. No sighificant changes were
nbgerved in the banda in the region of 3.4 ». Tha
degree of association for different concentrations
apprears 1o wvar¥ somewhat with the particuler

eohol. Howewer, this effeet has not heen studied
inn detsil in the present work. Smith and Creitz [6]
have studied the effect of association in 11 aleohols.
They have shown thet the de of association
dapands on the particular aleohol and the amount of
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dilution. Their work also aupﬂnrt.a the idea that
some of the heavier aleohols

ave OH bands at
2,76 and 2.86 4.

In the region of the associated OH band (2.9 ),
there is a weak band in the vapor phase spectrum
of methanol (figs. 1, 4). When this region was
remeasured using & S-om cell with & 0.5-em
pressure of methanol, the cell having bheen filled
under wvacuum, the 2.0-4 bond disappeared.
pogsible explanation for the preseoce of this hand,
attributed to associstion, iy that & thin film of a
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fafrered abterphoh specdra Jrom 2 o 15 u of ma!h:mui&_ ethanal, and x-proparo dilnted a8 fadicated in
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Fiouee 7. Infrared absorption speclrg in lhe Fp region
of methansd, ehongl, and n-propenc! diduied in carbon
{etrachioride,

A Iitblum Anorkdo priem wes uesed.

mixture of water and alcohol was deposited oo the
windows of the cell, and the band 5 due to this
thin film.

In the bands that are attributed to the C—H
vibrations there are only small changes in the posi-
tions of the bands when the spectra of the vapors
are compared with those of the solutions. However,
in the repion of O—H hendings from 6.5 o 8.5
there 15 considernbls difference. In the vapor stete
or highly dilute solution of methanol there is appre-
ciahla nganrpt.ion in the 7.43-p region that Las been
assigned to the O—H bending frequency. The

spectrum of a faidy concedtrated solution shows
no sheorption in this region, but an intense band
gppears &t 6.9 y with & less tense band at 7.15 &

ie difference eould be produced by the effect
of the association of the 00— H groups on ths bending
vibration of O—H. In solution and in the pure
liquid &ll three alcohols have considersble absorption
from 12.5 to 15 . None of the vapors show measur-
able bands in this region.

The observations of the vapor-solution shifts of
the 7.4-u band eonfirm in genersl the assignments
in CH,OH given by Harzherg [3] and listed in tabls 2.
A further general confirmation results from a regson-
able explanation of the many weak maxima between
6 w0 10 p. The twisting of the OH with respect to
CH;, (#¢'"), gives rime, in the fundamental, to &

road absorpticn centcred sround 40 p. The
first overtone of thiz band showa a larpe nember of
rotaticnal lines in the region from 11.6 to 26.3 ¢ that
have been messured by Borden and Barker [1].
They suggest that the tersionsl oseillations have
hecome B rotaticn resulting in the sﬁrending out of
the band. Combinations of the O—H twisting with
the C—0 atretching (v} and the CH,; rockin
vibrations (»} might well give rise to the complicated
strmeture betwesn 6.6 and 9.2 4. For example, if
the potential epergy that hinders rotetion is suffi-
ciently amall, the interaction with these other modes
might further reduce it and the result would be
nearly free rotation. This wounld gecount for the
maxims in the 6.6 t0 9.2-4 region. For a more
definite gssighment, hi%—reaaluhon studies and a
detniled caleulation of the ozeillatory potential and
its interaction with tha hindered rotation is required.

Some of the fundamentals in ethanol and propancl
may how be assigned by compatison with and exten-
sion of the e ol sssicnments. These are sleo

iven in table 2, The athanc]l spectrum zhould

ave nine more fundamentala then methanol. OF
these five ara of intereat here. Three refer to
interne] wibrations of the OH, proup. The C—C—0
gkeletal ribrations will give rise to three bands that
conzist of one bending and two stretching vibrations,
The band at 23.4 u is assipned to thi= bending vibra-
tion, and the two bands cheerved &t 9.4 and 11.4 &
are related to the C—0 and C—1 stretehing vibra-
tivne. The O—H twisting vibration that also
oxigtz in methanol oecurs in the region of 40 4, but
ag its band falls at the limit of transmission of the
thallium bromide-ipdide prism, its position could not
he accurately determined. The two amall bands at
26.4 and 28.2 p mey Le pari of the first hermonie of
the longer wavelengih band, but only & few small
atructures that mey be a part of thiz rotation were
obserbed in the athanol spectrum. The spectrum
from 12 to 28 g is coosiderably different from that
vheerred for methanol, which Las meny rotational
Imes in this region.

In the 8-y region, the ethanol bands are somewhat
better defined than those for methanol. There are
thrae fairly intense bande at 6.87, 7.19 and 8.05 o
Theee are assigned respectively to the asymmetric
{—H bending in CH;and CH,, to the O—H bending,
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and to the bending of the CH; hydrogens symmetri-
celly about the C—C axis. The seme banc{:]:lppmr
with very littla shifi in n-propanol, with the §.83-

and 8.21-u bande showing coneiderable increased
intengity. Thiz iz confirmation of their aasignment
to the CH; group since there is one additicnal such

rorp in the hesvier molecule., In both of the

igher aleohols there 12 indubitably some overlapping
of the many fundamentals in this region snd thera-
fore some uncertainty, but the prioeipal festures
appear to be as assipned.

The remeaining strong absorptiona in #-propsnol
must be due to the skeletsl wibrations. In the
C=C=C—0 atretching region there are  thren
strong bands between 8 to 10.5 x, one of which (9.38
g} comeides closaly with ethanol snd is assipned to
C—0. The skeletal bending vibration iz ohserved
ut 21.8 p.  The long-wavn abeorption, as in ethanol,
is sssigned to OH torsion,

The author thanks Shes L, Eruegel and Mary A,
Lamb for their assistones in this work.
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